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Abstract: Land use optimization is a major concern as the world's population grows at an
exponential rate. Surface land is already being depleted at an alarming pace. As a result, buildings
can be constructed safely underground, allowing for more productive land use. The primary goal
of this paper is to perform a bibliometric review of the literature related to Underground
Construction in order to determine the growth of Underground Construction as a method of energy
or land optimization in recent years. Between 1975 and 2020 is the time span considered for this
survey. The results of the Scopus database are the primary subject of bibliometric research in this
article. External tools such as iMapBuilder and VOSviewer are used to visualise data. The research
is intended to show the need for Underground Construction in the modern world. The study's
findings highlight the scarcity of underground construction research and the need for additional
research. The findings of this study are made possible by a method for systematic research in
underground construction.
Keywords: Underground Space Utilization, Underground Construction, Urban Spaces.
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1. INTRODUCTION

Humans have a long tradition of using underground spaces. Whether it's for natural disaster
safety or to use the above land for crop cultivation. Looking back on these events, it is clear that
in the absence of man-made infrastructure and conveniences, underground construction offered
many of the necessary conditions. It can be beneficial to be able to construct a very much efficient
environment for buildings.
“The underground has enormous potential for realizing spatial benefits.”- Sir Norman Foster, a
prominent British Architect
Normally, Construction over the surface is common and is taken up mostly by Architects,
Builders or clients in general. This has a significant disadvantage, as it degrades open quality land
space, natural resources on the surface, such as tree felling, and other factors. Underground
construction would be a feasible option, as it would generate several productivity factors such as
a lower carbon footprint, reduced land use, reduced temperature variation, disaster tolerance, and
sustainable building.
Since underground architecture is a part of environmentally sustainable architecture, it
should be built to solve problems related to urban population density and limited land space. The
efficiency of energy usage and its minimal impact on the surrounding environment was illustrated
by integrating underground design with sustainable environmental design.
1.1 Background
Underground construction has many benefits, including productive land use and the reduction of
surface condition effects on a building. Architects and designers have turned to this new
Underground Building philosophy to address many of the world's persistent problems. With the
growing issues of surface land use and for many structures that would benefit from subsurface
conditions, underground construction helps to address these problems. Underground construction
allows an architect to build new, innovative designs. Underground construction is needed to create
a new mentality and find new ideas to challenge traditional thinking. The temperature of the
subsurface is much lower than that of the surface. The use of unused underground spaces increases
the productivity of land use. Underground construction is a new career opportunity because it is a
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modern and emerging technology that enables project teams to test new solutions and brainstorm
ideas in new and creative ways to solve problems. Structures would have a more productive
position if land can be optimized in such a way that costs are reduced. Engineers must be able to
set up their various systems in order to make the best use of resources and eliminate unnecessary
costs. The most important thing to note is that this sector conserves biodiversity while reducing
natural resource use.
1.2 Need for the study
Bibliometrics is a branch of science which deals with the systematic examination of various
aspects of the literature. There is geographic analysis, author analysis, journal analysis, and many
more. Based on the results of the literature, a systematic bibliographic survey in the field of
Underground Construction is missing.
2. Bibliometric Survey
To obtain ample literature related to Underground Construction, the Scopus database was
used to scan various articles, conference journals, and research papers published between 1975
and 2020. All relevant data were obtained on a single day, keeping in mind that the databases are
being updated on a regular basis. The mixture of keywords used to extract literature from the
databases was "Underground Space Utilization” OR ("Underground Construction” AND “Urban
Spaces") ' In sum, the Scopus database yielded 91 results.
Conference papers accounted for 37.4 percent of the total documents submitted, followed
by journals, which accounted for 59.3 percent of the publications. Out of a total of 91 publications,
54 articles and 34 conference papers were published. The contribution chart (Fig. 1 below) from
the publications is shown on the doughnut diagram. Reviews and conference reviews contributed
to only a small proportion of the total 91 publications. Table 1 lists the number of the various
document types.
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Fig. 1: The types of publications in Underground construction
Source: www.scopus.com (accessed on 27th March 2021)

Document Type

Number

of

Publications
Conference paper

34

Article

54

Review

2

Conference Review

1

Table 1: Document type and number of documents
Source: www.scopus.com (retrieved on 27th March 2021)

4. Discussions and results:
The results of the data collected from the Scopus database are presented in this section.
Both graphs and patterns are scrutinised. The annual pattern, subject area, geographical location,
authorship, and affiliations are all considered when reviewing documents.

4.1 Annual publications trend:
The line graph in Fig. 2 depicts the annual pattern in underground building publications.
The first paper was published in 1975, and for the next nine years, the number of papers
published gradually increased. The survey was conducted over a 46* year period, from 1975 to
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2020. There were a total of 20 publications between 1975 and 1999. From 2000 to 2021,
however, there were 71 publications, indicating a rise in interest in the field of underground
construction in recent years. In the year 2020, 12 documents were released, setting a new record
for the most documents published in a single year. The results indicate that there is a need for
further research in the field of underground construction. However, the trend in recent years
appears to be positive, and it is clear that interest in the sector is growing.

.
Fig. 2: The annual trend of Underground Construction-related publications
Source: www.scopus.com (accessed on 27th March 2021)

Year

Number of

Year

Publications

Number of
Publications

2021

03

2007

05

2020

12

2006

02

2019

07

2004

01

2018

06

2003

01
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2017

07

2001

01

2016

11

1999

03

2015

01

1992

02

2013

05

1990

02

2012

01

1982

02

2010

01

1981

01

2009

06

1980

02

2008

01

1975

01

Table 2: Year-wise publication details
Source: www.scopus.com (retrieved on 27th March 2021)

4.2 Geographical regions analysis:
Figure 1 shows a bar graph. The top ten developed countries with the most publications are shown
in Figure 3.1. China has the most publications (41) and accounts for about 57.7% of the total
results. Table 3.1 lists all of the developing countries that have underground construction-related
publications. iMapbuilder.net is used to plot the regions according to the publications. The map
shows the distribution of the research work and the geographical attentiveness of the publications
in Fig. 4.1.
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Fig. 3.1: Top 10 Developed countries with the highest publications
Source: www.scopus.com (accessed on 7th November 2020)

Country

Number

Japan

11

United States

4

Singapore

3

United Kingdom

3

Australia

2

Israel

2

Netherlands

2

Germany

1
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Hong kong

1

Italy

1

Table 3: Country-wise publications (Developed Countries)
Source: www.scopus.com (retrieved on 27th March 2021)

Fig. 4.1: Geographical region analysis
Source: https://imapbuilder.net/ (created on 27h March 2021)
4.2.2 The top ten developing countries with the most publications are depicted in Fig. 3.2 as a bar
graph. China has the most publications (41) and accounts for about 45 per cent of the total findings.
Table 2 lists all of the developed countries that have underground construction-related
publications, while Table 3.2 lists the emerging countries. To plot the regions according to the
publications, iMapbuilder.net is used. The map shows the distribution of the research work and
the geographical attentiveness of the publications in Fig. 4.2.
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Fig. 3.2: Top 10 Developing countries with the highest publications
Source: www.scopus.com (retrieved on 7th November 2020)

Country

Number

China

41

Russian Federation

4

Greece

2

Iran

2

Canada

1

India

1

Indonesia

1

Kazakhstan

1

Malaysia

1

Undefined

10

Table 3.2: Country-wise publications (Developing Countries)
Source: www.scopus.com (retrieved on 27th March 2021)
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Fig. 4.2: Geographical region analysis
Source: https://imapbuilder.net/ (created on 27h March 2021)

4.3 Authorship analysis:
In Fig. 5, a bar graph depicts ten of the most productive writers in the field of Underground
Construction. The aim of this authorship study is to recognise some of the most well-known
underground construction authors. Table 4 lists the ten most productive writers.

Fig. 5: Top 10 authors with the highest publications
Source: www.scopus.com (accessed on 27th March 2021)

Author

Number of Publications

H- index

Xie, H.

4

52
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Zhu, W.

4

2

Nishi, J.

3

3

Benardos, A.

2

11

Bulatov, G.

2

2

Cui, J.

2

10

Dong, Y.

2

5

Ibraeva, Y.

2

2

Kaliampakos, D.

2

16

Li, X.

2

27

Table 4: Authorship analysis with h-index
Source: www.scopus.com (retrieved on 27th March 2021)
Important: Authors in bold have the most publications.
The italicized writers have the highest h-index.
Xie H., Xhu W., and Nishi J. have the most publications in the field of Underground Building,
making them the most prolific authors, as shown by the authorship bar graph. Xie H. has the
highest h-index of any of the other scholars, indicating that he is the most influential researcher in
the field.

4.4 Subject Area Analysis:
The pie chart in Fig. 6 depicts a categorization of subject areas for the field of underground
construction. It is obvious from the graph that engineering has gotten the most coverage in terms
of science (38.0 per cent). In the fields of Earth and Planetary Sciences, Energy Studies,
Environmental Sciences, Social Science, and other interdisciplinary fields, extensive research has
been conducted.
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Fig. 6: Subject area distribution of literature in the field of Underground Construction
Source: www.scopus.com (accessed on 27th March 2021)
Table 5 shows the total number of publications in each research area. The Engineering field has
the highest number of publications (63), followed by Earth and Planetary Sciences (51). The
contributions from the other sectors have been indicated clearly in the table below.
Subject Area

Number of Publications

Engineering

63

Earth and Planetary Sciences

51

Environmental Science

22

Energy

9

Social Sciences

9

Computer Science

4

Arts and Humanities

2

Business, Management and 1
Accounting
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Decision Sciences

1

Materials Science

1

Multidisciplinary

1

Physics and Astronomy

1

Psychology

1

Table 5: Subject area-wise publications
Source: www.scopus.com (retrieved on 27th March 2021)

4.5 Institution analysis:
The bar graph in Fig. 7 depicts how institutions performed in terms of research contributions in
the field of underground construction. Tsinghua University in China has the largest number of
publications (6), making it the most active research institution in the region. Shenzhen University
in China and China University of Mining and Technology in China each have five publications,
while several other institutions have three or four. The top 15 institutions that have researched in
the field of underground construction come from a diverse range of countries.
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Fig. 7: Institution-wise publications in the field of Underground Construction
Source: www.scopus.com (accessed on 27th March 2021)

5. Citation Analysis
Table 6 displays the distribution of citations in the field of Underground Construction from 1975
to 2021. The total number of citations was 547 as of March 27th, 2021. According to the table,
there were 127 citations related to Underground Construction (23.2 percent) in 2020, the highest
number of citations reported between 1975 and 2021.
Year

<2015

2015

2016

2017

2018

2019

2020

2021

Citations

103

16

49

37

72

94

127

49

>2021 TOTAL
0

547

Table 6: Citation details of publications related to Underground Construction
Source: www.scopus.com (retrieved on 27th March 2021)
The top five publications in the field of Underground Construction with the most citations are
mentioned in Table 7. With a total of 61 citations, the publication "Advances in the master planning
of urban underground space (UUS) in China" has the most citations relevant to Underground
Construction (11.2 per cent).
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Rank

Year

Document Title

Authors

Journal Title

Total
Citations

1

2016

Advances in master
planning of urban
underground space (UUS)
in China

Zhao J.-W, Peng F-

Tunnelling and

.L, Wang T-.Q,

Underground Space

Zhang X.-Y, Jiang

Technology

61

B.-N
2

3

2007

2016

Underground landscape:
The urbanism and
infrastructure of Toronto's
downtown pedestrian
network

Belangér P.

A review on the economics

Kaliampakos D.,

Tunnelling and

of underground space

Benardos A.,

Underground Space

Mavirkos A.

Technology

Klar A., Elkayam I.,

Journal of

Marshall A.M..

Geotechnical and

utilization

4

2016

Design Oriented LinearEquivalent Approach for
Evaluating the Effect of
Tunnelling on Pipelines

Tunnelling and

52

Underground Space
Technology

32

30

Geoenvironmental
Engineering

5

1998

Strategic Study on the
Utilization of Underground
Space in the Netherlands

Edelenbos J.,

Tunnelling and

Monnikhof R.,

Underground Space

Haasnoot J., Van Der

Technology

29

Hoeven F., Horvat
E., Van Der Krogt R.

Table 7: Top 5 most cited publications
Source: www.scopus.com (retrieved on 27th March 2021)

6. Network Analysis Using Clustering:
The VOSviewer app, which is open source, was used to conduct the network analysis. VOSviewer
is a piece of software that allows you to create and visualise bibliometric networks. A cluster is a
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group of nodes that are closely connected, and a single network may have thousands of nodes. A
study of citations is carried out in this section using cluster diagrams for citation statistics by
sources, writers, and publication countries.

6.1 Citations by sources:
In the context of network visualisation, Fig. 8 illustrates the relationship between publication
sources and citations. The relative node is represented by the size of the node, with the largest node
having the most publications. With about 256 citations, the publication titled "Tunnelling and
Underground Space Technology" has the most. The same publication has a total link strength of
5, indicating the total number of times the publication is cited by the 5 journals.

Fig. 8: Source-citation network visualization
Source: VOSviewer software (created on 27th March 2021)

6.2 Citations by authors:
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In the context of network visualisation, Fig 9 portrays the relationship between publication authors
and citations. The cluster network indicates that Benardos A. has the most citations, with 46,
suggesting that Benardos A.’s publications have been cited by 46 separate authors. The cumulative
correlation intensity of the same author is 11, meaning that the author's publications have been
cited by 11 different authors.

Fig. 9: Author-citation network visualization
Source: VOSviewer software (retrieved on 27th March 2021)

6.3 Citations by countries:
Fig. 10 shows the relationship between publication countries and citations in the form of an overlay
visualization with the average publications per year by the countries. The colour of the node is
based on the year of citation, with a blue node representing publications cited in 2015 and yellow
nodes representing publications cited in 2020. China has the highest number of citations of 41 The
total link strength is 11, meaning that publications in China have been cited 11 times.
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Fig. 10: Country-citation overlay visualization
Source: VOSviewer software (created on 8th November 2020)

7. Limitations of the present study:
The main emphasis is given solely to the Scopus database for the purpose of this study. Therefore,
in this study, articles that are not part of the Scopus collection have not been included. The thesis
uses a mixture of different keywords to search the Scopus index, and the combination that yielded
the best results has been used for the research. The search was limited to keywords relevant only
to the title, abstract and keywords of the article; results outside this search field have not been
included in this research paper.

8. Conclusion:
The idea of Underground Construction is relatively an uncommon approach, and implementation
in this area has been limited. Nevertheless, the increasing trend in the number of publications in
recent years indicates that significant research is taking place in the field of study. The main
objective of this research was to expose the need for Underground Construction in the modern
world and Architects and designers look to Underground design spaces and structures. Analysis of
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the Scopus database found that important contributions to biomimicry research have been made,
among others, in countries such as China, The Russian Federation, Greece and Iran. The Tsinhgua
University, in China, has the largest number of publications in the field, among other institutions.
It was also noticed that maximum study was carried out in the Tunneling and Underground space
area.
It became obvious with limited findings that further research in the field of Underground
Construction is required. Nonetheless, the rising trend since 2009 shows that positive results are
being achieved and research work is increasing in this sector. If properly implemented,
Underground Construction can solve issues related to Surface land availability, energy efficiency
and sustainable designs, and this has been proven by a number of research papers. There is a huge
scope for studies in the field of Underground Construction, especially in the engineering and
materials science sectors, for upcoming research work.
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